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ABSTRACT  
Many South African, grade R children fail to develop early number concepts that are a prerequisite 
for mathematics learning in the first grade. The same children may also enter formal education 
without adequate cognitive skills that are known to support mathematics learning. This paper 
theorizes that mathematics vocabulary, logical reasoning and classroom engagement (as output of 
the cognitive skills known as ‘executive functions’) are important skills for early number concept 
development. Although multilingual classrooms can be utilized for rich learning opportunities, they 
may also add to children’s ‘linguistic maze’. A theory of translanguaging describes how children can 
access various linguistic features or different autonomous languages, to maximize communication. 
The paper extends the theory of translanguaging to the domain of early number concept 
development and presents a hypothesis, suggesting that, together, an elaborated mathematics 
vocabulary, logical reasoning, and skills of executive functions significantly contribute to early 
number concept development. We make suggestions for improving underperforming young South 
African children’s mathematics understanding, specifically regarding expansion of their linguistic 
code, enhancing classroom engagement, and developing logical reasoning skills.  
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INTRODUCTION  
In South African foundation phase (elementary) school education, one of 11 official languages is 
used as medium of instruction up to the third grade. From the fourth grade, instruction is only in 
English or in Afrikaans5. If switching between different languages of instruction after the first four 
years of schooling (grade R to third grade) is not challenging enough in itself, many children in South 
Africa grow up in multilingual households, situated in multilingual communities (Setati & Adler, 
2000; Henning, 2016). What is more, some children attend a school where the medium of 
instruction is different to the home language. Henning (2012) has referred to this as the multilingual 
maze in which young learners have to navigate their way in a smorgasbord of different languages 
spoken by their peers and their teachers. Henning and Dampier (2012) discuss the linguistic 
liminality of first grade classrooms in South Africa, where young children move from one linguistic, 
code-specific environment, to another and for a time remain “betwixt and between languages of 
learning” (p.100). Added to this is the different social registers of children who come from middle 
class homes, and their peers, who come from working class homes, many of which are homes of 
dire poverty (Spaull, 2015). An extreme form of what sociologist Basil Bernstein referred to as a 
linguistic restricted code (Bernstein, 1971) is observed in homes in rural areas especially, where this 
(often very rich in colloquialisms) code is not used across different communities, though it may have 
powerful local currency. In the same vein, an elaborated code is observed in middle class homes, 
where children have access to a variety of ‘restricted’ codes and can cross between different 
language registers and local speech genres, including how families engage in number talk (Levine & 
Baillargeon, 2016), when priming their offspring for formal education in the preschool years.  
Exacerbated by the various factors that may enable or obstruct their learning of vocabulary and 
syntax of early mathematics learning, when children enter school they also encounter a dense 
language-rich mathematics curriculum (South Africa. Department of Education, 2011). Making 
matters worse, in grade R teachers often begin to introduce English terminology (Mashiya, 2011) in 
an effort to prepare early graders for English as target medium in grade 4: They engage in the 
practice of code-switching (Cantone, 2007; Macaro, 2005), or of trying to make meaning across 
different languages in what has been termed ‘translanguaging’ pedagogy (García, & Wei, 2014; 
García et al., 2017; Lewis et al., 2012; Otheguyet al., 2015; Park, 2013) in early grades.  
Against this backdrop, disadvantaged children, with limited knowledge of the language of 
instruction in grade 4 education, which is already being inserted in code-switching fashion, face a 
host of linguistic barriers, one of which is the lack of vocabulary as a translanguaging device. Such 
devices, argue the theorists of this pedagogy (Garcia et al, 2017), assist young learners in identifying 
the meaning of the message that a teacher, or a mediating tool such as a textbook or a worksheet, 
may wish to convey in another language. In the setting where we conduct the present research in 
South Africa, most working-class children and disadvantaged children have yet to develop a stable 
set of linguistic tools with which to mediate mathematics concepts, while translanguaging. In many 
South African classrooms, children learn English mathematical terms incidentally at the same time 
that they are being instructed in their African home language. The effect of this practice on early 
number concept development has not yet been adequately researched.  
 
LINGUISTIC CONTEXT  
Children, from an early age, come to understand the world by conceptualizing what they are 
experiencing (Barner & Baron, 2016). They observe and perceive their environment, interact with 
one another and slowly build a repertoire of experiences and observations to create mental ‘copies’ 
or representations of objects, properties, people, events, ideas and sounds in their minds (Barner & 
Baron, 2016; Gopnik & Meltzhoff, 1997). These representations of reality constitute ways of storing 
individual versions of reality. Young children with sufficient exposure to rich discussions about 
various topics are likely to develop an expanded vocabulary and discourses early in life, compared 
to children who may have less verbal interaction. Teachers of young children note that they initially 
use language without a clear understanding of the specific meaning of a word, using words as 
‘placeholders’ (Carey, 2009) for meaning until they grasp the meaning. For instance, young children 
may say “yesterday I will go to school” or “tomorrow I went to the zoo” which shows that they have 
limited understanding of order of events – or perhaps do not know the exact meaning of the words 
‘tomorrow’ or ‘yesterday’ and also have not yet developed language tense structure of verbs 
(Behrens, 2001). When two-year-old children copy a familiar string of sounds, such as 
“onetwothree,” they don’t initially know what these sounds signify, until they learn the exact 
meaning of the individual words as numerals, denoting quantity. Until then, words such as 
‘tomorrow’ or ‘onetwothree’ serve as placeholders for concepts of time, or for the counting nouns - 
one, two and three.  
Gradually, placeholder words acquire meaning when children map them semantically, draw 
analogies, and make inductive inferences (Zaitchik et al., 2016). They begin to theorize their own 
experiences (Gopnik & Meltzoff, 1997). At first, young children may not explicitly understand 
concepts for which they have started to ‘use’ words, but by means of an inductive process of 
conceptual change, they begin to make sense of the words they know. When they connect familiar 
experiences and observations with their existing word knowledge, they complete individual 
semantic mappings.  
It is not only current behavioral science scholars and neuroscientists who study concept 
development. In the 1930s Lev Vygotsky described this ‘moment’ of mapping word form onto 
semantic substance as “sense that becomes objectivized in words” (Kozulin, 1990, p.8). When 
mapping has been achieved, children can express their understanding by representing their 
concepts by means of language. Vygotsky considered the importance of the functional use of signs 
(Kozulin, 1990, p.154) in a language: He argued that language represents reality symbolically, but 
also creates reality. As children increasingly represent their reality using signs and symbols, they 
construct new knowledge, because signs and symbols (together with tools such as models or 
materials) mediate learning semiotically (Henning, 2012; Henning & Ragpot, 2015). In this way they 
construct a network of interconnected concepts that contributes to their understanding of the 
world in which they live. A part of such a reality is mathematical (Henning & Ragpot, 2013). They 
begin to ‘make their world mathematical’ – and natural language is one of their semiotic means to 
do so.  
In some communities of the world, children learn in a colloquial code, with “number talk” (Levine & 
Baillargeon, 2016) that is, in the Bernsteinian analogy, ‘restricted’ (Bernstein 1971), and, moreover, 
also bilingual, or translingual (Lewis et al., 2012), or ‘code-switched’. They encounter number talk in 
a mix of languages, with numerals in one language, adverbs, prepositions and adjectives in another, 
and in some cases with pronunciations that are colloquial in the extreme. Garcia and Wei (2014) 
argue that this does not withhold them from having one, translangauged idiolect - meaning that 
children do not use different linguistically determined structures when they make meaning, but 
converge different, socially categorised languages mentally to construct understanding.  
In this paper, we argue that children’s language skills in general, and maths vocabulary in particular, 
are likely to play a role in explaining why they struggle to succeed in maths. Their exposure to 
mathematical discourse in their pre-school years is sometimes varied, so that teachers and children 
often do not understand each other, with teachers having access to an ‘elaborated’ language of 
mathematics and children having their own ‘motswako’ (the Setswana word for a ‘stew’) of a 
restricted linguistic code for mathematics. They often have an idiolect of already mixed languages 
that have been acquired at home, in day-care centres and in preschools. In such a translanguaged 
state of meaning making, there are many linguistically pre-structured role-players in number 
concept development. For instance, number concepts are influenced by the lexical properties of 
language, such as inversion and power transparency (Dowker & Nuerk, 2016). Some languages, for 
example, German and Afrikaans, invert the order of tens and ones; for instance, in Afrikaans 
13=three ten, 14=four ten, 21=one and twenty, 32=two and thirty. English follows the same pattern 
up to twenty (for instance, 14=four te[e]n, 15=five te[e]n) after which the units and tens are 
switched (21=twenty one, 38=thirty eight). Already in the counting nouns there could be cause for 
some confusion in the forming of a child’s number concepts, if one takes the view that idiolect is an 
individual mental phenomenon.  
Secondly, languages like Sesotho and isiZulu (two of South Africa’s official languages) are 
transparent in the structure of number names. Children who speak Sesotho and isiZulu, for 
instance, can easily generate number names after they have learnt number words from one to ten 
by following a very simple and transparent rule. In isiZulu yishumi nanye (11) means ten and one 
and yishumi nambili (12) means ten and two. In Sesotho leshome le motso o mong (11) means ten 
and one and leshome le metso e mmedi means eleven and one. However, some isiZulu and Sesotho 
number names are extremely long and can overload children’s working memory. For instance, the 
eight-syllable word isishiyagolombili (eight in isiZulu, an agglutinative language, such as Finnish ) is 
rather difficult to remember vs. the one syllable word eight or agt (eight in Afrikaans); or the eight 
syllable leshome le motso o mong (11 in Sesotho) compared to the three syllable eleven in English 
or one syllable elf (11 in Afrikaans).  
Dowker and Nuerk (2016) highlights that conceptual preparation of lexical concepts also influence 
number concept development. Because of children’s, often limited (and mixed), language exposure, 
they develop a restricted, colloquial code of language with the implication that they often hear 
maths vocabulary without being able to connect the word to a nonverbal conceptual referent. On 
the other hand, children may be unable to explain an already existing concept, due to a lack of 
vocabulary that is shared by the ‘school space’, but which is understood in the (restricted) ‘street 
space’. Non-English speakers may only be able to employ a placeholder isiZulu word for a number 
concept, while they may be required to present their work in English. According to the 
translanguage protagonists, teachers should encourage switches between languages (Park, 2013; 
Kleyn, 2016; Garcia et al., 2017).  
We, as many others, claim that together with early number concept development, supporting 
cognitive skills like an elaborated maths vocabulary - in a discourse of a single language and not 
considering the influence of a child’s idiolect that criss-crosses more than one language - contribute 
to early number concept development. Other skills include logical reasoning and active classroom 
engagement, which is mediated by executive function skills. First, we describe a five-level model of 
the development of early number concepts and then discuss possible contributing cognitive skills.  
 
EARLY NUMBER CONCEPT DEVELOPMENT  
While most young children develop number concepts at approximately the same age, such as 
learning the counting list at the age of two, followed by the concepts of ordinality, cardinality and 
decomposability and relationality, some children struggle to understand concepts and others grasp 
mathematical ideas without difficulty. This is evident in some six-year-old children who grasp only 
the principles of counting, while others have already developed an understanding of the cardinal 
principles (de Villiers, 2015; Henning et al., 2018). Much research (e.g. Desoete, 2015; Dowker, 
2005; Perpura et al., 2017) has been conducted to explain these individual differences, to find out 
which cognitive skills support number concept development in the early grades, and which skills will 
best predict number concept development.  
Literature suggests that there are two non-symbolic core number processing systems which form 
the foundation for number concept development, although there is continued debate about 
discontinuity and continuity from innate systems or core number knowledge to advanced number 
knowledge. These systems, namely the approximate magnitude system (AMS) and the object 
tracking system (OTS) (Feigenson et al., 2004), provide individuals with an innate sense of number 
and are affected by limited visual, attentional, and working memory (Hyde, 2011). The approximate 
magnitude/number system (AMS/ANS) encodes approximate representations of numerosity and is 
used to compare and combine magnitudes (Spelke & Kinzler, 2007). Approximate representations 
are not limited to visual arrays but also include, for example, sound (Feigenson et al., 2004). The 
object tracking system (OTS) encodes exact representations of small quantities (Dehaene, 2011; 
Carey, 2009; Spelke & Kinzler, 2007; Wynn, 1990). Hyde (2011, p.6) claims that “the two core 
number systems do not operate in isolation from other cognitive and perceptual limits”, but 
numerical representations depend on “what else the brain is doing”.  
Most mathematical cognition researchers would agree with Fritz et al. (2012, 2014) that children 
develop early number concepts hierarchically, with the ANS/AMS and OTS as possible foundation. 
At around the age of two, children learn to recite the first (usually up to ten) numerals orally, but do 
not yet grasp the meaning of the words in the count list (Sarnecka & Carey, 2008). Gradually, they 
learn how to count meaningfully by applying the rules for counting, namely one-to-one-
correspondence of numerals and objects, the stable order principle - using the same order for 
numerals each time when counting - and the cardinality principle, which accounts for the last 
numeral used to count some objects indicates the quantity of the set (Gelman & Gallistel, 1978).  
After having learned how to count, children find out that numerals are used in a stable order to 
count and gradually become more aware of ordinality (Fritz et al. 2013), which means that each 
number has a fixed position in a string of numerals and that one can determine the preceding and 
succeeding numbers in the sequence. However, numbers do not only appear on a ‘number line,’ 
with larger numbers appearing further down this line, but each individual numeral also represents a 
specific quantity. Children slowly begin to develop an understanding of the cardinality principle of 
number. This principle gives number words meanings (Sarnecka & Wright, 2012). At this point 
children not only understand the numerical concept of succession, but also grasp the meaning of 
each individual number word (Sarnecka & Wright, 2012). They realize that each number can be 
decomposed into a fixed number of units and that, for instance, seven consist of seven individual 
objects and therefore the ‘sevenness’ of seven is unique to the number of seven (Fritz et al., 2013).  
 
DOMAIN SPECIFIC SKILLS  
Previous studies have indicated that the development of early number knowledge does not occur in 
isolation from other cognitive skills. Poor number concept development usually has multiple origins 
(Chinn, 2015; Desoete, 2015; Dowker, 2005; Purpera et al., 2017). Some researchers have identified 
domain specific skills that contribute to number concept development, such as maths vocabulary. 
Although the boundaries of an individual’s idiolect cannot be determined, based on structural and 
lexical features, the unique mix of each child’s mathematical vocabulary both mediates 
understanding in the classroom and allows children to connect concepts and words (García & Wei, 
2014; Otheguy et al., 2015; Purpera et al., 2017).  
 
Maths vocabulary  
Maths vocabulary is likely to contribute to early number concept development and exposure to 
quality discussions in mathematics related language, such as number talk, contributes to the 
development of maths vocabulary. Levine and Baillargeon (2016) argue that variation of the 
amount and quality of number talk young children are exposed to may explain variations in 
individual children’s understanding of number concepts. Some children who hear plentiful talk 
about mathematics may have a larger repertoire of maths vocabulary that they can use to serve as 
linguistic placeholders (Carey, 2009) for true conceptual understanding of numbers (Levine & 
Baillargeon, 2016).  
Gunderson and Levine (2011) and Levine et al. (2010) investigated the relationship between four-
year-old (46 months) children’s cardinal number knowledge and their parents’ number talk when 
they were 14-30 month-old by video recording 90-minute natural interactions between parents and 
their children, once every four months. During the approximately 450 minutes of video, parents 
ranged from 4 – 257 mentions of number words. In other words, on average, the children were 
exposed to 1200 to 100 000 number word utterances per year, which is a fairly large range of 
exposure to numeracy-related language. The findings indicated that the amount of numeracy-
related language which 14-30 month-old children were exposed to, had an influence on their 
understanding of cardinality at 46 months. These studies referred to monolingual talk and leaves 
open the question of what happens in multilingual homes. 
In a similar experiment Klibanoff et al. (2006) found that the numeracy-related language which 
preschool teachers used, predicted the growth of young children’s mathematical concept 
development. Thus, children who have received substantial number talk input at a young age are 
more likely to understand the cardinal principle at three to four years of age, while children who do 
not experience this type of interaction are less likely to understand cardinality of small numbers at 
this age (Levine & Baillargeon, 2016, p.136). Different studies (Gunderson et al., 2015; Sarnecka & 
Lee, 2009) found that cardinal understanding emerges between the ages of three and four.  
These findings highlight the importance of maths-related language during children’s early years of 
development. We argue that specific reference to noun numerals in talk is not the main object of 
functional number talk with young children; children also build adverbial-, adjectival-, and 
prepositional knowledge of words and of word order, all of which ultimately contribute to the 
framing of number concepts  
 
DOMAIN GENERAL SKILLS  
Previous research indicates that domain general skills, such as logical reasoning (Handley et al., 
2004; Morsanyi & Szüs, 2015) and executive functions (Fitzpatrick & Pagani, 2012; McLean & Hitch, 
1999; Passolunghi & Segel, 2004) are also important skills for early number concept development.  
 
Logical reasoning  
Logical reasoning refers to the ability to identify patterns and relationships and developing these 
inductively and deductively. This amounts to fluid intelligence (Gf). Fluid intelligence (Gf) refers to 
the capacity to solve novel or abstract problems; it involves concept formation, classification, and 
includes inductive and deductive reasoning (Klauer & Willmes, 2002). Unlike crystallised 
intelligence, fluid intelligence is not a learned ability, but rather is determined by genetic and 
biological factors (Kvist & Gustafsson, 2008). Bergman et al. (2011, p.591) note that “Gf predicts 
performance on a wide range of cognitive activities, and low Gf in children is a predictor of 
academic difficulties.” According to Geary (2015), this human competence is underpinned by our 
ability to take advantage of our evolved brain and cognitive systems and to use these resources to 
create “evolutionarily novel abilities” (Geary, 2015, p.105).  
Haverty et al. (2000, p.251) argue that “inductive reasoning skills are fundamental to the learning 
and performance of mathematics.” Maths tasks require the child to identify the rules of 
relationships between elements and then use these rules to complete structure (Weiβ & Osterland, 
2013). Maths tasks also require information processing, visual-, abstract- and sequential reasoning 
(Wechsler, 2003), which are all elements of inductive reasoning. Klauer (1996) identified varied 
tasks (similar to skills used in maths) such as series completion, classification and analogy, which 
require inductive reasoning skills. He paired inductive processes with specific cognitive operations, 
such as identifying similarities and differences in relationships and attributes. But, inductive 
reasoning (together with verbal memory and pattern recognition) is also referred to as the cognitive 
aspects of language (Fillmore, 2000), as these aspects effect “the ease with which children recalled 
and made sense of the language they heard people using and detected the regularities that existed 
within such samples of speech” (Fillmore, 2000, p.49).  
 
Classroom engagement  
Research increasingly points to the importance of children’s ability to effectively self-regulate and 
engage in the learning environment for academic success in both maths and reading (Robinson & 
Mueller, 2014). Classroom engagement (i.e., being able to follow instructions, being able to 
complete work on time) falls into the broader category of learning-related behaviours and reflects 
student ability to follow instructions, complete tasks on time, and self-organize in the classroom 
(Fitzpatrick & Pagani, 2013; McClelland et al., 2006).  
Engagement in learning is arguably an important outcome of executive functions, which represent a 
form of ‘top-down’ control that allows children to effectively manage interference from ‘bottom up’ 
sensory experiences, impulses, and emotional reactions (Blair & Diamond, 2008). Preschool-aged 
children who arrive at school better able to control and regulate their attentional and cognitive 
resources have an easier time sustaining engaged learning in the classroom (Pagani et al., 2010; 
Razza et al., 2010). In contrast, children who have difficulty inhibiting inappropriate behaviour and 
who are more distractible are at greater risk of disengaging from classroom activities. 
Consequently, as have others, we conceptualize classroom engagement as being driven by 
executive functions (Hughes et al., 2008; Li-Grining et al., 2010; Ponitz et al., 2009).  
Among younger primary school children, teacher assessments of classroom engagement represent 
key components of school readiness. Indeed, they are predictive of academic achievement in maths 
- even once prior number knowledge and family socio-economic status are controlled for 
(Fitzpatrick & Pagani, 2013). Other research has found that classroom engagement is a mediator of 
the association between executive functioning and achievement (Sasser et al., 2015). As a result, 
classroom learning skills are likely to represent key proximal variables in explaining individual 
differences in mathematics achievement especially when language barriers present additional 
challenges for young learners.  
 
HYPOTHESIS  
We propose the hypothesis that maths vocabulary, logical reasoning and classroom engagement 
significantly contribute to young children’s early number concept development. Following Fritz et 
al. (2012, 2013) we suggest a five-level model for early number concept development, including the 
development of counting skills and an understanding of ordinality, cardinality, decomposability and 
relationality. Although children develop maths vocabulary in socially invented, named languages, 
mathematical terms do not always overlap with individual children’s linguistic systems, or idiolects 
(García & Kleyn, 2016). The notion of translanguaging goes beyond named languages and allows 
children to use internal versions of language. Children who can access and process information and 
who can reason logically, with rich maths vocabulary, and who are highly engaged in classrooms, 
are more likely to form maths concepts in multilingual South African classrooms. Finally, children 
who can exercise self-control and who are more engaged in classrooms, are likely to develop an 
elaborated linguistic code, which allows them to make mathematical meaning.  
We claim that, to improve underperforming South African grade R children’s maths understanding, 
both mathematics-specific skills (as proposed in the five-level model) and cognitive skills supporting 
number concept development, must be strengthened. Children’s linguistic code should be 
expanded, especially during the transition from pre-school to grade R, their classroom engagement 
must be enhanced throughout the year and teachers should deliberately plan lessons improve 
young children’s logical reasoning skills.  
 
FINAL REMARKS AND FUTURE DIRECTIONS  
In previous sections of this paper, we have made explicit the cognitive skills underlying our account 
of contributing factors for early number concept development. We hope that by providing a 
theoretical hypothesis of contributing skills for mathematical learning, we have provided some 
directions for putting the model to the test for future research. Although reliable instruments are 
available for early number concept development assessment of early grade learners (Henning et al., 
2018), classroom engagement (Fitzpatrick & Pagani, 2013) and inductive reasoning (Weiβ & 
Osterland, 2013), the validity and reliability of an instrument, designed by one of the authors and 
which assesses maths vocabulary is yet to be determined.  
Although many intervention programs (Mononen & Aunio, 2016; Clements & Sarama, 2011) have 
focused on improving children’s early maths skills, to our knowledge no intervention program has 
been designed to collectively improve children’s maths vocabulary, classroom engagement 
(executive functions) and inductive reasoning in order to improve their early number knowledge. 
Future research will have to include the development, implementation and evaluation of such an 
intervention program. Lastly, this study prompts exploration into the hypothesis that the isiZulu and 
Sesotho languages’ long number names overload children’s working memory, which in turn effect 
mathematics learning in the early grades.  
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